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© A borehole apparatus for analyzing the composi- 
tion of a formation fluid includes a chamber that 
contains the fluid, and a light source that directs light 
through the fluid in the chamber. The optical path of 
the light is modified such that an output fiber optic 
bundle receives indirect light through the fluid. One 



embodiment comprises a diffuser in the optical path, 
which forward scatters the light to the output fiber 
optic bundle. Another embodiment comprises the 
misalignment of a input fiber optic bundle relative to 
the output fiber optic bundle. Collimators can be 
substituted for the fiber optic bundles. 
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This invention relj^o apparatus and meth- 
ods for analyzing the composition of formation 
fluids, and more particularly to apparatus and 
methods for using near infrared spectral analysis to 
determine the quantities of gas, water and various 5 
types of oils in a formation fluid. 

As seen in Figure 1, several different inter- 
actions may occur when light strikes a sample. 
Typically, if the sample is fluid, some light is re- 
flected at the boundary of the sample while the rest 10 
of the light enters the sample. Inside the sample, 
light is scattered by molecular excitations (Raman 
scattering) and by collective modes of the medium 
(e.g. Rayleigh scattering). In general, only a very 
small fraction of the light is scattered per centi- 75 
meter of the path by the Raman and Rayleigh 
scattering processes. 

If more than one phase is present in the sam- 
ple, light is elastically scattered by reflection and 
refraction at the boundaries between the phases. 20 
This scattering process can be quite strong as light 
may be scattered many times in less than one 
centimeter of the path. Light which is not scattered 
or which is scattered but emerges from the sample 
travelling in a direction nearly parallel to and in the 25 
same direction as the incident light is generally 
referred to as "transmitted". Light which emerges 
travelling in other directions is referred to as 
"scattered", while light which emerges travelling in 
a direction nearly opposite to the incident light is 30 
refereed to as "backscattered". 

Regardless of scattering, some light is ab- 
sorbed by the sample. The fraction of incident light 
absorbed pe- unit of pathlengih in the sample 
depends on the composition of the sample and on 35 
the wavelength of the light. Thus, the amount of 
absorption as a function of wavelength, hereinafter 
referred to as the "absorption spectrum*, an indica- 
tor of the composition of the sample. In the 
wavelength range of .3 to 2.5 microns, which is the *o 
range of primary interest according to this inven- 
tion, there are two important absorption mecha- 
nisms in borehole fluids. In the near infrared region 
(1 to 2.5 microns), absorption results primarily from 
the excitation of overtones of molecular vibrations as 
involving hydrogen ions in the borehole fluids. In 
the near ultraviolet, visible, and very near infrared 
regions (covering wavelengths of .3 to 1 micron), 
absorption results primarily from excitation of elec- 
tronic transitions in large molecules in the borehole so 
fluids such as asphaltenes, resins, and porphyrins. 

In the past, techniques have been known for 
the qualitative and quantitative analysis of gas. 
liquid, and solid samples. Methods and apparatus 
for accomplishing the same are disclosed in US 55 
patent no. 4,620,284 to R. P. Schneil where a 
helium-neon laser is used to provide photons of a 
.633 micron wave length which are directed at a 



sample. The resoWg Raman spectrum which com- 
prises scattered light at different wavelengths than 
the incident light is then measured, and the mea- 
sured spectrum is compared with previously ob- 
tained reference spectra of a plurality of sub- 
stances. The provided technique, is applied to mon- 
itoring fiuid flowing through a pipeline in an oil 
refinery. 

In U.S. patent no. 4,609,821 to C. F. Summers, 
especially prepared rock cuttings containing at 
least oil from an oil-based mud are excited with UV 
radiation with a .26 micron wave length. Instead of 
measuring the Raman spectrum as is done in the 
aforementioned Schneil patent, in accord with the 
Summers disclosure, the frequency and intensity of 
the resulting excited waves (fluorescence) which 
are at a longer wavelength than the incident radi- 
ation are detected and measured. By comparing 
the fluorescent spectral profile of the detected 
waves with similar profiles of the oil used in the oil- 
based mud, a determination is made as to whether 
formation oil is also found in the rock cuttings. 

While the Summers and Schneil disclosures 
may be useful in certain limited areas, it will be 
appreciated that they suffer from various 
drawbacks. For example, the use of laser equip- 
ment in Schneil severely restricts the environment 
in which the apparatus may be used, as lasers are 
not typically suited to harsh temperature and/or 
pressure situations (e.g. a borehole environment). 
Also, the use of the Raman spectrum in Schneil 
imposes the requirement of equipment which can 
detect with very high resolution the low intensity 
scattered signals. The use by Summers of light 
having a .26 micron wavelength severely limits the 
investigation of the sample to a sample of nominal 
thickness. In fact, the Summers patent requires that 
the sample be diluted with solvents before inves- 
tigation. Thus, the Summers patent, while enabling 
a determination of whether the mud contains for- 
mation oil, does not permit an analysis of formation 
fluids in situ. Finally, the Summers method has no 
sensitivity to water. 

Those skilled in the art will appreciate that the 
ability to conduct an analysis of formation fluids 
downhole is extremely desirable. A first advantage 
would be the ability to distinguish between forma- 
tion fluids and mud filtrate, thereby permitting a 
fluid extraction tool to retain only fluids of interest 
for return to the formation surface. A second ad- 
vantage is in the production phase, where a deter- 
mination of the fluid type (i.e.. water, oil, or gas) 
entering the well from the formations can be made 
immediately downhcle. 

It is therefore an object of the invention to 
provide a method and apparatus for analyzing the 
composition of a formation fluid which may include 
water, gas, one or more of a plurality of oils, and 
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solid particles. 




It is a further object of the invention to provide 
a downhole apparatus for analyzing in situ the 
composition of a formation fluid. 

It is another object of the invention to provide 
an apparatus using at least the near infrared spec- 
trum for analyzing the composition of formation 
fluid. 

In accord to the objects of the invention, a 
borehole apparatus for analyzing the composition 
of a formation fluid generally comprises a testing 
region, a means for directing a sample of fluid into 
the region, a light source emitting at least near 
infrared rays, a spectral detector, a data base 
means, and a processing means. The testing re- 
gion may, for example, comprise either a tube 
through which the formation fluids can flow, a 
chamber in which the fluid may be kept for transfer 
to the formation surface, or a path which interrupts 
light travelling through a light transmitting means. If 
a tube or chamber is used, the tube or chamber 
should include a window which is optically trans- 
parent to at least near infrared light, and preferably 
also to near ultraviolet and visible light. The light 
source may be an incandescent lamp with a known 
or determinable spectrum, and the emitted light is 
directed at least partly towards the window in the 
tube or chamber either via collimation or fiber 
optics. The spectral detector means is preferably a 
spectrometer which detects and measures the 
spectrum of the light which has been transmitted 
through from the fluid sample. Typically, the spec- 
tral detector means also includes directing and 
focussing mirrors or additional fiber optic bundles. 

Knowing the spectrum of the emitted light and 
the spectrum of the detected light which has been 
affected by the fluid sample, a determination of the 
composition of the fluid sample may be had if a 
data base of the spectra of the possible compo- 
nents of the fluid is available. Towards that end, the 
spectra of water, gas, and a plurality of different 
oils are found and stored in a data base. Then, 
usinp a fitting technique such as a least squares 
analysis or a principle component analysis, a pro- 
cessing means (e.g. a computer or microprocessor) 
with access to all the information can conduct the 
desired fluid component analysis. Preferably, in 
further accordance with the principles of the inven- 
tion, spectra of the oils, gas, and water at different 
pressures and temperatures can be maintained and 
used in the fitting process. Also, with regards to 
another aspect of the invention, a determination of 
a transition of the obtained fluid samples from mud 
filtrate to formation fluids is made by monitoring 
the visible light and/or near ultraviolet spectrum for 
changes in the same. 

A better understanding of the invention, and 
additional advantages and objects of the invention 



will become zpf^pi to those skilled in the art 
upon reference to the detailed description of the 
accompanying drawings. 

Figure 1 is a diagram of some of the different 
5 interactions which may occur when light strikes 
a sample; 

Figure 2 is a schematic diagram of a first em- 
bodiment of a borehole apparatus for analyzing 
the composition of a formation fluid; 

to Figure 3 is a schematic diagram of the preferred 
near infrared fluid analysis module of Figure 2; 
Figure 4 is a schematic diagram of the preferred 
spectrometer of the invention; 
Figures 5a - 5c show logarithmic plots of the 

75 near infrared absorption spectra of water, crude 
oil, and kerosene; 

Figure 6 is a schematic diagram of an alter- 
native near infrared fluid analysis module of 
Figure 2; 

20 Figure 7 is a schematic diagram of the fluid 
analysis module of the invention which is used 
in conjunction with a production logging tool; 
Figure 8 is a schematic diagram of one embodi- 
ment of the optic cell in Figure 3, illustrating the 
25 use of diffusers; 

Figure 8a is a diagram illustrating the effect a 
diffuser in Figure 8 has on a light ray; and 
Figure 9 is a schematic diagram of another 
embodiment of the optic cell in Figure 3, illus- 
30 trating the use of mis-alignment. 

The instant invention is particularly applicable 
to both production logging and to borehole inves- 
tigative logging. For purposes of brevity, however, 
the description herein will be primarily directed to 
35 borehole investigative logging. Thus, a borehole 
logging tool 10 for testing earth formations and 
analyzing the composition of fluids from the forma- 
tion 14 in accord with invention is seen in Figure 2. 
As illustrated, the tool 10 is suspended in the 
40 borehole 12 from the lower end of a typical mul- 
ticonductor cable 15 that is spooled in the usual 
fashion on a suitable winch (not shown) on the 
formation surface. On the surface, the cable 15 is 
electrically connected to an electrical control sys- 
45 tern 18. The tool 10 includes an elongated body 19 
which encloses the downhole portion of the tool 
control system 16. The elongated body 19 also 
carries a selectively extendible fluid admitting as- 
sembly 20 and a selectively extendible tool anchor- 
so ing member 21 which is respectively arranged on 
opposite sides of the body. The fluid admitting 
assembly 20 is equipped for selectively sealing off 
or isolating selected portions of the wall of borehole 
12 such that pressure or fluid communication with 
55 the adjacent earth formation is established. Also 
included with tool 10 are a fluid analysis module 25 
through which the obtained fluid flows. The fluid 
may thereafter be expelled through a port (not 
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shown) or it may be to one or more fluid 
collecting chambers 22 and 23 which may receive 
and retain the fluids obtained from the formation. 
Control of the fluid admitting assembly, the fluid 
analysis section, and the flow path to the collecting 
chambers is maintained by the electrical control 
systems 16 and 18. Additional details of methods 
and apparatus for obtaining formation fluid samples 
may be had by reference to U.S. patent 3,859,851 
to Urbanosky and U.S. Patent 4.396,259 to Miller 
and Serial No. 313,236 assigned to the assignee 
herein, now abandoned. It should be appreciated, 
however, that it is not intended that the invention 
be limited to any particular method or apparatus for 
obtaining the formation fluids. 

Turning to Figure 3, the preferred fluid analysis 
module 25 is seen in detail and preferably includes 
a light source 30, a fluid sample tube 32, optical 
fibers 34, and a spectrograph 36 and associated 
detector array 38. The light source 30 is preferably 
an incandescent tungesten-halogen lamp which is 
kept at near atmospheric pressure. The light 
source 30 is relatively bright throughout the near 
infrared wavelength region of 1 to 2.5 microns and 
down to approximately .5 microns, and has accept- 
able emissions from .35 to .5 microns. Light rays 
from the light source 30 are preferably transported 
from the source to the fluid sample by at least part 
of a fiber optic bundle 34. The fiber optic bundle 
34 is preferably split into various sections. A first 
small section 34a goes directly from the light 
source 30 to the spectrograph 36 and is used to 
sample the light source. A second section 34b is 
directed into an optical cell 37 through which the 
sample tube 32 runs and is used for illuminating 
the fluid sample. A third section 34c originates at 
the cell 37 and goes directly to the spectrograph 
36 and is used to collect light substantially back- 
scattered by the sample. Spectral information ob- 
tained by section 34c is helpful in determining the 
composition of the sample fluid, and in conjunction 
with a fourth bundle 34d in determining whether 
gay is present as will be discussed hereinafter. A 
fourth bundle 34d collects light transmitted or scat- 
tered through the sample and also provides in- 
formation regarding the nature of the fluid flowing 
through the sample tube or chamber 32. A three 
position solenoid (not shown) is used to place on of 
bundles 34a, 34c and 34d at the input slit (seen in 
Figure 4) of the spectrograph, and a light chopper 
(not shown) modulates the signal at 500 Hz to 
avoid low frequency noise in the detectors. 

As aforementioned, optical bundle 34b directs 
the light towards the fluid sample. The fluid sample 
is obtained from the formation by the fluid admit- 
ting assembly and then is sent to the fluid analysis 
section 25 in tube 32. In a preferred embodiment, 
the sample tube 32 is a three by four millimeter 
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rectangular chan^^he tube preferably includes a 
section 40 with windows made of sapphire. This 
section 40 is located in the optical cell 37 where 
the light rays are arranged to illuminate the sample. 
5 Sapphire is chosen as it is substantially transparent 
to the spectrum of the preferred light source. Also, 
sapphire is preferable because it is much harder 
than silica and resists abrasion. As indicated in 
Figure 3, the sapphire window areas 40 of tube 32 
w may be arranged to be thick so as to withstand 
high internal pressure, and the window areas are 
offset slightly so that they are kept centered on the 
path of the transmitted light. The fiber optic bundle 
34b is not perpendicular to the flow stream so as to 
75 ensure that specular reflection does not enter fiber 
optic bundle 34c, because specular reflection 
(reflection due to the interface of the sapphire wall 
and the liquid sample) does not provide useful 
information. As a result of the arrangement, optic 
20 bundle 34c wiil receive and conduct substantially 
backscattered light. 

As previously indicated, the fiber optic bundles 
34a, 34c and 34d terminate at the spectrograph 36. 
As seen in detail in Figure 4, the spectrograph 
25 includes an entrance slit 52, an off-axis para- 
boloidal mirror 54 ; a diffraction grating means 56, 
and the detector array 38. Light exiting the chosen 
fiber optic bundle and entering the spectrograph 36 
via slit 52 reflects off the off-axis paraboloidal mir- 
30 ror 54 towards a blazed diffraction grating 56. The 
blazed diffraction grating disperses and diffracts 
the light into a small range of angles, with rays of 
different wavelengths being diffracted differently. 
The diffracted and dispersed light is directed back 
35 toward a section of the off-axis paraboloidal mirror 
which causes the rays of different wavelengths to 
be reflected and focussed on different elements of 
the detector array 38. The detector array elements 
may therefore determine the intensity of the light 
40 entering the spectrograph as a function of 
wavelength. The information may then be mul- 
tiplexed to a digitizer and prepared for transmission 
uphole to electronics and processing means 18. 
Preferably, the off-axis paraboloidal mirror 54, 
45 the diffraction grating 56, and any mounting fixtures 
(not shown) used to mount them are all made of 
aluminum so that the thermal expansion of the 
components will be identical. This arrangement 
would ensure that the angular relations among the 
50 components would not change with temperature. 
As a result, the position of a given wavelength at 
the detector plane would be independent of tem- 
perature. 

With the provided fluid analysis section 25, the 
55 spectra of the light source, of the backscattered 
light which has scattered off the fluid sample, and 
of the forward scattered and transmitted light may 
be determined. When the transmitted light spec- 
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trum and the backscatteTHTlight spectrum are di- 
vided by the source spectrum, two absorption 
spectra (one for transmitted, one for backscattered) 
are obtained. The absorption spectrum of the trans- 
mitted light is preferably used in the hereinafter- 
described analysis if its count rate is sufficient. 
Otherwise, the backscattered absorption spectrum 
(or both) may be used. 

Because different materials have different ab- 
sorption characteristics, it becomes possible to 
make a determination as to what materials com- 
prise the fluid sample, provided, of course, that the 
spectra of the materials which might be in the fluid 
sample are known. Towards that end, the spectra 
of water, gas, and a plurality of different oils are 
found in accord with techniques well known in the 
art. Examples of such spectra are seen Figure 5a, 
water has absorption peaks at about 1.5 and 1.9 
microns. As seen in Figure 5b, crude oil has an 
absorption peak at 1.7 microns. The particular 
crude oil shown , in Figure 5b has increasing ab- 
sorption for wavelengths less than 1.6 microns. 
Many crude oils have a similar feature, but the 
onset is often at shorter waveiengths. Refined oils 
such as kerosene shown in Figure 5c, are generally 
transparent between .7 and 1.1 microns. However, 
like crude oil, they typically have an absorption 
peak at 1.7 microns and other features which ap- 
pear in crude oil at 1 .2 and 1 .4 microns. 

Using the absorption spectra of water, gas, 
crude and refined oils, and drilling fluids (muds), a 
least squares analysis such as is described gen- 
erally in Bevington, Philip R., Data Reduction and 
Error Analysis for the Physical Sciences, McGraw 7 
Hill Book Co., ~New~~York (1969), may be used to 
determine the components of the fluid sample. Or, 
if desired, a principle component analysis such as 
is described generally in Williams, P.C., et al., J. 
Agricultural Food Chemistry, Vol. 33. pg. 23~9 
(1985), could be used in a similar manner to deter- 
mine the components of the fluid sample. The 
analysis is preferably conducted in a processing 
means such as a computer which is located uphole 
in the electronics ad processing circuitry 1 8. 

With regard to the fitting technique used to 
determine the fluid components, not only may a 
single spectrum for water, gas, oils, etc. be used in 
the data base, but, if desired, both transmission 
and backscattered absorption spectra may be uti- 
lized for each. Moreover, it will be appreciated that 
the spectra of the various components may vary 
with temperature and pressure. Thus, not only 
should the spectra of water, gas, and a plurality of 
oils be used as reference spectra, but a plurality of 
different spectra for each different material at dif- 
ferent pressures and temperatures (and if desired 
for transmission and backscatter) should be avail- 
able for an accurate determination of the fluid com- 



ponents to be mad 

Those skilled in the art will appreciate that 
natural gas has a similar spectral shape to certain 
oils. On the other hand, because gas has a low 
s density, only a small fraction of the light having a 
wavelength range of .3 to 2.5 will be absorbed by 
the sample. Thus, in accord with another aspect of 
the invention, the spectrum obtained by fiber optic 
bundle 34c may be compared to the spectrum 
70 obtained by fiber optic bundle 34d, to give a first 
indication of the percent gas contained in the sam- 
ple. Having such an indication permits a more 
complete fitting of the different spectra even if the 
gas spectrum is very similar to one or more of the 
75 oil spectra. 

Also, in accord with another aspect of the in- 
vention, the visible light and/or near-uitraviolet 
spectrum, preferably from .3 to 1 micron in 
wavelength, may be used to obtain indications of 
20 large molecules in a fluid such as porphyrins, as- 
phaltenes, large aromatics, and resins. While these 
large molecules are present in low concentrations, 
they are easy to observe due to the absorption by 
their electronic transitions. Because the concentra- 
25 tion and kind of large molecules in mud filtrates 
and formation fluids usually differ, a correlation of 
the large molecule .3 to 1 micron spectra provides 
an indication as to whether the fluid sample flowing 
through the optical cell 37 is changing over time. 
30 Since the first fluid to enter the cell 37 typically is 
the drilling fluid, the sample may be expelled rather 
than stored in chambers 22 or 23. Likewise, after 
the large molecule spectra indicate a change in 
fluid type (even though the NIR spectra for the oil 
35 and/or water in the fluid remain substantially the 
same as might be the case with an oil based mud 
filtrate and formation oil), the sample may be iden- 
tified as a formation fluid sample, and the sample 
may be forwarded from the fluid analysis module 
40 25 to the storage chambers for delivery uphole. 

In connection with yet another aspect of the 
invention, the obtained spectra as well as the deter- 
mination of the presence of gas may be used to 
control the pressure of the flow line so as to obtain 
45 a more representative sample of the formation flu- 
id." In the situation where the formation fluid is 
comprised of both heavy and light hydrocarbons, 
bubbles of the lighter hydrocarbon can evolve out 
of the fluid, or the heavier hydrocarbons can con- 
so dense out of the fluid. When the pressure of the 
fluid is below either the bubble point pressure or 
the dew point pressure (depending on the case) 
the fluid emerges from the formation In both the 
liquid and vapor phase. Since the less viscous 
55 vapor phase flows more freely than the liquid 
phase, the obtained sample includes more light 
hydrocarbons than is representative of the forma- 
tion fluid. By changing the pressure in the flow line 
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which is accomplisl^^y standard techniques, the 
bubble point or dew point may be found as both of 
these effects will result in a decrease of transmitted 
light and an increase of backscattered light. The 
monitoring of transmission and reflection is best 5 
accomplished at a wavelength at which absorption 
is weak and at which the sample is relatively trans- 
parent. Once the bubble point or dew point pres- 
sure is found, the pressure of the flow line 
(sampling pressure) is increased above the relevant w 
point by e.g., controlling the rate at which fluid 
flows through the sampling apparatus and/or locat- 
ing the sampling apparatus at an appropriate depth 
in the well. 

Turning to Figure 6, an alternative embodiment ;s 
125 of the fluid analysis module 25 of the borehole 
apparatus 10 is seen. Basically, the fluid module 
components are the same as the preferred embodi- 
ment, except that instead of using optical fiber 
bundles, directing and focussing mirrors are used. 20 
In accord with the embodiment of Figure 6, the 
source 130 is identical to that used in the preferred 
embodiment. The source is partially reflected by 
beam splitting mirror 135a to a reference detector 
131 where a determination of the source spectrum 25 
downhole may be had. The non-reflected light is 
forwarded to collimating mirror 135b. The collimat- 
ed light is then forwarded via directing mirrors 135c 
and 135d towards the optical cell 138 which is 
comprised of a high pressure stainless steel cham- 30 
ber with a fluid sample tube 132 passing thereth- 
rough, and with an optical path 139 perpendicular 
to and interrupted by the tube 132 also passing 
therethrough. In optical cell 138, the fluid sample 
tube 132 has sapphire windows 140. Light passing 35 
from mirror I35d into optical path 139, and either 
transmitted or scattered through the fluid sample 
exits the optical cell 138 and is directed by mirror 
1 35e to the spectrometer (spectrograph) 1 36 which 
is preferably similar to the aforedescribed spectro- 40 
graph 36 of Figure 4. If desired, the spectrometer 
136 may be used in lieu of the reference detector 
131, provided suitable optical means (not shown) 
are used to transport light directly from the source 
to the spectrometer and other means (multiplexing) 45 
are used to select either the light from the source 
or the light from the optical cell. Additionally, back- 
scattered light may be analyzed by the spectrom- 
eter if mirror 135c is replaced by a suitable beam 
splitter and additional suitable optical means (not 50 
shown) are used to transport the backscattered 
light to the spectrometer. With such additional op- 
tical means, it will be appreciated that the embodi- 
ment of Figure 6 becomes the functional equivalent 
of the embodiment of Figure 4, with fiber optics 55 
being replaced by reflective optics. 

Turning to Figure 7, a fluid analysis module 
225 of a production logging tool is seen. The 



theoretical b^^br the fluid analysis module 225 
is identical to the fluid analysis modules of Figures 
3 and 6. However, instead of providing a fluid 
admitting assembly for obtaining fluid samples 
from the formation and chambers for storage of the 
obtained samples, fluid is already flowing through 
the tool 200. As in the previously discussed mod- 
ules, the fluid analysis module 225 uses a quarte 
halogen lamp as a light source 230. As in the 
embodiment of Figure 6, a beam splitter mirror 
235a is used to permit a reference detector 231 to 
sense and determine the spectrum of the source, 
and to send on the beam towards the fluid to be 
sampled. The beam is directed by collimating mir- 
ror 235b through a sapphire window 237 and then 
through a sapphire rods 241a having reflective sur- 
face or mirror 235c contained therein. The beam is 
then directed through a fluid sample which is ob- 
tained by mixing fluid by spinner 265, and having 
some of the fluid passing through an opening of 
approximately five millimeters between the sap- 
phire rods 241a and 241b (the opening comprising 
a "testing region". The fluid then exits the fluid 
analysis module 225 through ports 270a and 270b 
in the wall of tool 200. The light which is transmit- 
ted or scattered through the fluid is then transmit- 
ted through sapphire rod 241 b which includes a 
reflective surface or mirror 235d, out through sap- 
phire window 237 and directly to spectrometer 236. 
Again, spectrometer 236 is preferably a spectro- 
graph as shown in Figure 3, and the spectrometer 
may be used as the reference detector. Also, as 
was described with reference to Figure 6, the back- 
scattered light may also be directed to the spec- 
trometer by a suitable arrangement of reflective 
optics. 

In operation, the borehole logging tool 10 
shown in Figures 2 and 3 is placed downhole via 
extended cable 15. At a desired location, electronic 
section 18 provides signals to electronic section 16 
which causes anchoring member 21 and admitting 
assembly 20 to extend into contact with the 
borehole walls. Upon a second signal from elec- 
tronic section 16, and in accord with known tools in 
the art, formation fluid is obtained by the admitting 
assembly 20 and forwarded into the sample tube 
32 of the fluid analysis module 25. Concurrently, 
light emitted by an optical source 30 is carried via 
optical fibers 34 to optical cell 37 where it is 
transmitted through, scattered by, and absorbed by 
the fluid sample. Forward scattered light, and light 
transmitted through the sample are forwarded to 
the spectrograph 36 where the transmitted, forward 
scattered spectrum is separated into its component 
wavelengths. Also, preferably, backscattered light 
and a spectral sample of the optical source are 
forwarded to the spectrograph 36 via a fiber optical 
bundle for division into its wavelength components. 
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Each spectrum is samplSrin order (the source 
spectrum not necessarily being sampled as often). 
Then, using detector array 38 and electronic sec- 
tion 16, the different spectral information is forwar- 
ded uphole to electronic and processing section 18 
for analysis. Also, if desired, fluid temperature and 
pressure information may also be forwarded up- 
hole. Preferably, using a least squares fit, the pro- 
cessor in processing section 18 fits the obtained 
spectra (with wavelengths from .3 to 2.5 microns) 
to a plurality of temperature-and pressure-specific 
absorption spectra for oils, water, and gas which 
are stored in a data base accessible to the proces- 
sor. As a result of the fitting process, a determina- 
tion is made of the components which comprise 
the fluid sample. A log of such a determination 
over borehole depth can then be made. 

As indicated above, if both backscatter and 
forward scatter and transmission information is ob- 
tained, a first indication of the presence of gas may 
be had. This first indication may then be used to 
help in the fitting process. Also, if desired, using 
the spectrum from approximately .3 microns to 1 
micron, a determination of whether a change has 
occurred in the types and/or quantities of large 
molecules may be had by using a correlation tech- 
nique. The determination of whether a fluid change 
has occurred may then be used by the processor 
18 via electronic section 16, to cause the fluid 
sample to be expelled into the borehole or to be 
forwarded into holding chambers 22 or 23 for fur- 
ther uphole analysis. 

Figure 8 is a schematic diagram of the optic 
cell of Figure 3. A fiber optic bundle 324A carries 
light from a light source, such as the source 30 of 
Figure 3, to a first window section 40A. The window 
section 40A comprises a portion of a sample tube 
32 through which a fluid sample flows. The sample 
tube 32 also comprises a chamber for containing 
the fluid sample. The fluid sample is illustrated by 
varying shades of grey in the sample tube 32. 

Light carried by the fiber optic bundle 324A 
passes through the fluid sample in the sample tube 
32 and is scattered by the fluid sample. The 
amount of light that is scattered by the fluid sample 
depends on the composition of the fluid sample. In 
a multiphase flow stream, such as formation fluid, 
the composition of the flow stream varies greatly 
because the composition of the flow stream is not 
at ail uniform. For example, the flow stream will 
include, among other things, bubbles of gas, par- 
ticles of sand, and globules of oil. Gas. illustrated 
by the light area 41 A, flowing in the sample tube 
32 scatters the light to a small degree as the gas 
flows by the window section 40A. Because the light 
is scattered to a small degree, a relatively high 
intensity light signal passes through the fluid sam- 
ple and reaches a second window section 40B. 



Conversely, sanc ; HWffated by the dark area 41 B, 
flowing in the sample tube 32 scatters the light 
from the fiber optic bundle 324A to a greater de- 
gree as the sand flows by the window sections 
5 40A. Because the light is scattered to a greater 
degree, a lower intensity light signal reaches the 
window section 40B. A second fiber optic bundle 
324B carries the resulting light signal from the 
window section 40B to the spectograph 36 of Fig- 
w ure 3 for analysis. Because the degree of scatter- 
ing can change abruptly as different phases of fluid 
pass by the window sections 40A and 40B, great 
swings occur in the intensity of the light signal that 
passes through the fluid sample. The spectograph, 
75 which receives such signals, must be designed to 
accommodate these swings in order to process the 
information that the light signal represents. 

Accordingly, the inventors have developed a 
technique and device for minimizing the effects of 
20 such large signal swings. The technique and de- 
vice concerns the measurement of indirect trans- 
mitted or forward scattered light instead of direct 
transmitted light. Measuring indirect transmitted 
light results in a light signal having a more consis- 
25 tent amplitude that is less affected by variations in 
flow patterns and phase changes within the sample 
tube 32, for example. In creating a light signal 
having a more constant amplitude, a significant 
reduction in signal swing occurs. 
30 Figures 8A and 9 show two preferred embodi- 

ments of the invention that compensate for the 
effects of signal swing by modifying the optical 
path of light from the input fiber optic bundle 324A 
and the window section 40A through the fluid sam- 
35 pie to the window section 40B and the output fiber 
optic bundle 324B. These embodiments alter the 
optical path of light through the fluid sample to 
allow the detection and measurement of substan- 
tially indirect transmitted light. 
40 Figure 8A shows the second window section 

40B of Figure 8 having a diffuser 41. The diffuser 

41 is a distinct element that is attached to or, 
preferably, is formed directly on the surface of the 
window section 40B. The diffuser 41 is formed by 

45 scoring or etching the surface of the window sec- 
tion 40B, The diffuser on the window section 40B 
increases the collection angle of light that passes 
through the fluid. 

Light from the fiber optic bundle 324A enters 

50 the window section 40A and exits as a broadening 
beam 42 of light that passes into fluid contained in 
the sample tube 32. One light ray 43 of the beam 

42 hits a sand particle 44 or oii droplet in the fluid, 
for example. Many sand particles are present in the 

55 fluid, but only one is shown in Figure 8A for sim- 
plicity. The sand particle 44 in the fluid scatters the 
light in many directions. Forward scattered light 45 
is transmitted toward the far side of the sample 
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tube 32. The diffuser ^^Eollects the light that 
scatters from the sand particle 44 and redirects a 
substantial amount of the collected light 46 toward 
the output fiber optic bundle 324B. The diffuser 41 
reduces the intensity of light from the fiber optic 
bundle 324A that is directly transmitted through the 
fluid sample in the sample tube 32 to the fiber 
optic bundle 324B, for instance. However, the dif- 
fuser 41 changes the solid angle of emission of the 
scattered ray from the sand particle thereby provid- 
ing an effective wider angle of light acceptance 47 
for the output fiber optic bundle 324B. Without the 
diffuser 41, a narrow angle of light acceptance 47, 
which is determined by the numerical aperture of 
the output fiber optic bundle 324B, would collect 
less of the light that was scattered by the sand 
particle in the fluid. 

For example, in the case of a window section 
40B having no diffuser, a ray of light 45a would be 
scattered by the sand particle 44 outside the angle 
of acceptance 47. Thus, the scattered light ray 45a 
would never reach the output fiber optic bundle 
324B. However, according to this invention, the 
light ray 45a is scattered by the sand particle 44 to 
the diffuser 41, which again scatters or redirects 
the light ray 45a within the angle of acceptance 46 
of the output fiber optic bundle 324B. 

The intensity of light that passes through the 
diffuser 41 and reaches the fiber optic bundle 324B 
is substantially less than the intensity of light that 
would be directly transmitted from a light input 
through a chamber ad to a light output, for exam- 
ple. This light of less intensity produces a weaker 
signal to the spectograph. However, this weaker 
signal is accepted as a tradeoff for signal stability. 

Instead of a diffuser, a collecting lens can 
decollimate the forward scattered light onto the 
output fiber optic bundle 324B. A diffuser can also 
be formed on the surface of the first window sec- 
tion 40A alone, or in addition to the window section 
40B to broaden the angle of light transmitted from 
the window section 40A and broaden the angle of 
light acceptance of the output optic fiber bundle 
324B. The diffuser 41 can also be formed on the 
end of either fiber optic bundle 324A or 324B or on 
the prisms of Figure 3. 

Figure 9 shows an embodiment in which the 
output fiber optic bundle 324B is misaligned rela- 
tive to the input fiber optic bundle 324A to modify 
the optic path of light transmitted through the sam- 
ple fluid in the sample tube 32. These bundles are 
misaligned in that the longitudinal axis of the bun- 
dles are not collinear or parallel. In a preferred 
embodiment, the fiber optic bundle 324B connects 
to the window section 40B through a prism and 
parallels the fiber optic bundle 324A, as Figure 3 
illustrates. Figure 9 shows the fiber optic bundle 
324B without a prism for simplicity. 



The misalignl^^of input and output bundles 
reduces the amount of light from the fiber optic 
bundle 324A that is directly transmitted through the 
fluid sample in the sample tube 32 to the fiber 

5 optic bundle 324B, because the directly transmitted 
light, illustrated by a thick arrow, misses the output 
fiber optic bundle 324B. Only indirect light, illus- 
trated by a thin arrow, reaches the output fiber 
optic bundle 324B. Compared to an optic cell sys- 

70 tern having parallel and offset input and output fiber 
optic bundles, the system of Figure 9 reduces the 
amount of indirect light entering the fiber optic 
bundle 324B when the fluid between the window 
sections 40A and 40B comprises a gas bubble, but 

75 increases the amount of indirect light entering that 
bundle when the fluid comprises a particle of sand, 
for instance. This allows the spectograph to receive 
a relatively constant signal which is, therefore, not 
easily affected by flow variation within the sample 

20 tube 32. Thus, measuring the forward scattered, 
indirect transmitted light results in a large reduction 
in signal swing, and a reduction in overall signal 
level. 

A scattered light fiber optic bundle 324C trans- 
25 mits any backscattered light, such as that which 
reflects off of sand particles in the sample tube 32, 
to the spectograph 36 of Figure 3 for reflection 
spectroscopy. The spectograph uses the signals of 
the bundle 324C, along with the signals of the 
30 output fiber optic bundle 324B in analyzing the 
formation fluid in the sample tube 32. 

Claims 

35 1. A borehole apparatus for analyzing the com- 
position of a fiuid obtained from a formation, 
the fluid comprising at least one of water, oil, 
and gas, the apparatus comprising: 

a light source for emitting light comprising 

40 a spectrum of frequencies and having an op- 

tical path; 

a chamber means for containing the fluid 
and including a first portion that is substantially 
transparent to the light; 
45 a light input means for directing light from 

the source through the first portion into the 
fluid; 

a light output means for receiving light 
from the fluid in the chamber means; 

so means, connected between the light input 

means and the light output means, for modify- 
ing the optical path of the light between the 
light input means and the light output means, 
such that the light received by the light output 

55 means substantially comprises light that 

passes indirectly through the fluid in the cham- 
ber means; 

detector means for detecting the spectrum 



8 



15 



EP 0 461 321 A1 



16 



of the light from the il^m output means; 

storing means for storing absorption spec- 
tral information of at least two of water, oil, and 
gas; and 

processing means for determining the 
composition of the fluid from the spectrum of 
light from the source, the spectrum detected 
by the detector means, and the absorption 
spectral information of the storing means. 

2. The apparatus of claim 1 , the means for modi- 
fying the optical path comprising a diffuser that 
diffuses the light transmitted through the fluid. 

3. The apparatus of claim 2, the chamber means 
having a second portion through which the 
light from the fluid passes to the light output 
means. 

4. The apparatus of claim 3, the second portion 
comprising a material that is substantially 
transparent to light from the source and having 
an irregular surface. 

5. The apparatus of claim 4, the second portion 
having an irregular surface that comprises a 
diffuser. 

6. The apparatus of claim 5, wherein the irregular 
surfaces of the first and second windows are 
scored. 

7. The apparatus of claim 5, wherein the irregular 
surfaces of the first and second windows are 
etched. 
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means conn^Bir between the light input and 
the iight output; 

receiving substantiallyt indirect light from 
the fiuid in the chamber with the light output; 

detecting the spectrum of the light from 
the light output with a detector; 

storing absorption spectral information of 
at least two of water, oil, and gas; and 

determining the composition of the fluid by 
processing the spectrum of light from the 
source, the spectrum detected by the detector, 
and the absorption spectral information. 

11. The method of claim 10, the step of modifying 
the optical path comprising diffusing the light 
that is transmitted. 



12. The method of claim 11, the step of modifying 
the optical path comprising diffusing the light 

20 with a second portion of the chamber that is 

substantially transparent to light and has an 
irregular surface. 

13. The method of claim 12, comprising passing 
25 the light through the second portion of the 

chamber to the light output means. 

14. The method of claim 13, the step of modifying 
the optical path comprising . misaligning the 

30 light input relative to the light output. 

15. The method of claim 14, the step of modifying 
the optical path comprising misaligning fiber 
optic bundles that comprise the light input and 

35 the light output. 



8. The apparatus of claim 1, the means for modi- 
fying the optical path comprising a misalign- 
ment of the light input means relative to the 
light output means. 

9. The apparatus of claim 8, the light input means 
and ilie light output means comprising misalig- 
ned fiber optic means. 

10. A method for analyzing in a borehole the com- 
position of a fluid obtained from a formation, 
the fluid comprising at least one of water, oil, 
and gas, comprising the steps of: 

containing the fluid in a chamber having a 
first portion that is substantially transparent to 
light; 

directing light comprising a spectrum of 
frequencies along an optical path with a light 
input the optical path including the window 
and the fluid; 

modifying the optical path of the light be- 
tween the light input and a light output with a 



16. An apparatus for analyzing the composition of 
a fluid comprising at least one of water, oil, 
and gas, the apparatus comprising: 

40 a) a light source : having a first spectrum, for 

emitting at least near infrared rays towards 
the fluid; 

b) spectral detector means for detecting the 
spectrum of near infrared rays which are 

45 transmitted into the fluid; 

c) data base means for storing near infrared 
absorption spectral information of at least 
two of the water, oil and gas expected to be 
analyzed; and 

so d) processing means for obtaining the light 

source spectrum, the detected spectrum, 
and the at least near infrared absorbtion 
spectral information for substantially deter- 
mining therefrom the composition of the flu- 

55 id. 

17. A borehole apparatus for analyzing the com- 
position of a fluid obtained from a formation. 
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the fluid comprised of at least one of water, oil, 
and gas, the apparatus comprising: 

a) a testing region; 

b) means for directing a sample of the fluid 
obtained from the formation into the testing 5 
region; 

c) a light source means having a determin- 
able spectrum for emitting light rays to- 
wards the fluid; 

d) spectral detector means for detecting the w 
spectrum of the emitted light rays which are 
transmitted into the fluid, wherein the testing 
region, the means for directing, the light 
source means, and the spectral detector 
means, comprise a borehole tool operating 75 
downhole in the formation such that the 
spectrum of the emitted rays are detected 
downhole in the formation; 

e) data base means for storing spectral in- 
formation of at least two of the water, oil 20 
and gas expected to be analyzed; and 

f) processing means for obtaining the light 
source means spectrum, the detected spec- 
trum and, the spectral information for sub- 
stantially determining therefrom the com- 25 
position of the fluid. 

18. A method for analyzing in a borehole appara- 
tus the composition of a fluid obtained from a 
formation, comprising: 30 

a) directing light rays having a spectrum 
comprising at least near infrared 
wavelengths from a light source towards the 
fluid; 

b) detecting a spectrum of light which was 35 
at least one of backscattered by and trans- 
mitted through the fluid, the detected spec- 
trum comprising the near infrared 
wavelengths, wherein the steps of directing 

and detecting are conducted by the 40 
borehole apparatus downhole in the forma- 
tion; 

c) obtaining the spectrum of the light 
source; 

d) substantially determining the composition 45 
of the fluid from the obtained and detected 
spectra, and from a plurality of predeter- 
mined near infrared spectra of at least two 

of water, a plurality of oils, and gas. 
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